In the present work, the hydroxyl radical produced from peroxynitrite and the hydroxyl radical-mediated reactivity of The decomposition of peroxynitrite at physiological pH yielded a hydroxyl radical, which reacted rapidly with dimethyl sulfoxide (DMSO) to produce a methyl radical (·CH3), which was then trapped by a spin-label fluorophore nitroxidelinked naphthalene (NTEMPO), a carbon-centered radical probe with a low fluorescence intensity, and transformed to a stable diamagnetic O-alkoxyamine, a high-fluorescence compound. The fluorescence increment was proportional to the concentration of the hydroxyl radical, and then to the concentration of peroxynitrite. NTEMPO therefore was demonstrated to be capable of detecting hydroxyl radicals generated from peroxynitrite, and the method was proved to be simple and sensitive. The hydroxyl radical-mediated reactivities of peroxynitrite to several amino acids, such as tyrosine, phenylalanine and histidine, were then evaluated by the spin-labeling fluorophore NTEMPO at pH 7.4 and 37˚C. The obtained data were in good agreement with the reference values, respectively.
Introduction
Peroxynitrite (ONOO -), formed via a diffusion-controlled reaction of superoxide (O2· -) with nitric oxide (·NO) at sites of inflammation in biological systems, 1 is a key bio-molecule for mediating the reactivity and cytotoxicity of nitric oxide (NO) to many cellular components, such as proteins, 2-4 DNA 5 and cellular lipids. [6] [7] [8] Such wide tissue damage has been implicated in a number of diseases. [9] [10] [11] There are a variety of mechanisms of peroxynitrite reactivity toward different biomolecules. Peroxynitrite can react directly with thiols via one-or twoelectron oxidation reactions, 3, 12 which is the major mechanism in the peroxynitrite-mediated inactivation of various enzymes. 13 The reaction of peroxynitrite with carbon dioxide (CO2) is rapid at a rate constant of 5.7 × 10 4 M -1 s -1 to yield a short-lived intermediate nitroso-peroxocarboxylate (ONOOCO2 -), 14 which then homolyzes to give a carbonate radical (CO3· -) and nitrogen dioxide (·NO2). 15, 16 The carbonate radical is a relatively strong one-electron oxidant, and ·NO2 is a more moderate oxidant as well as a nitrating agent; therefore, the radical products arising from ONOOCO2
-decomposition promote secondary oxidation events. ONOOH can also undergo homolysis to generate ·OH and ·NO2 in about 30% yields. 1, 17, 18 The hydroxyl radical is a more powerful oxidant than CO3· -and ·NO2, which can attack more bio-molecules.
There have been several methods developed to study the ·OH generated from peroxynitrite and its reactions with biomolecules; among them, electron spin resonance (ESR) 17, 19, 20 and aromatic hydroxylation 21, 22 are the two commonly used methods. The ESR method measures the electron paramagnetic resonance spectrum of a spin-adduct derivative after spin trapping, although the use of spin traps, such as 5,5-dimethyl-1-pyrroline-N-oxide (DMPO), is a powerful technique. However, this method is rather insensitive, and cannot be readily employed to acquire quantitative estimates of ·OH production, because the ·OH spin adduct is not stable and may undergo numerous secondary reactions. Besides, a high-cost instrument system makes it unsuitable for routine analysis; moreover, in vivo utilization of ESR may become limited due to a high absorption of microwave energy in water.
Aromatic hydroxylation is another commonly used method, which has the advantage of being easy to use and very sensitive. However, multiple hydroxylated products make the quantitative detection of ·OH complicated. 1 H NMR 23 and 15 N CIDNP 24 have also been used to study ·OH generated from peroxynitrite.
4-(1-Naphthoyloxy)-2,2,6,6-tetramethylpiperdin-1-oxyl (NTEMPO), a spin-labeling fluorophore, has a low fluorescence quantum yield due to efficient intra-molecular quenching of the fluorophore by the paramagnetic nitroxide. The spin-labeling fluorophore can, however, trap simple carbon-centered radicals with nearly diffusion-limited rate constants of about 10 9 M -1 s -1 and convert to diamagnetic O-alkoxyamine adducts, leading to a great enhancement of the fluorescence intensity. [25] [26] [27] [28] [29] [30] It has been demonstrated that an increase in the fluorescence intensity is proportional to a decrease in the concentration of the fluorescent probe, and an increase in the concentration of the Oalkoxyamine adducts, suggesting that fluorescence measurements might be used for the quantitative determination of formed O-alkoxyamine adducts, and therefore for the quantitative probing of generated carbon-centered radicals. [28] [29] [30] [31] Proxyl fluescamine was used to determine the rates of ·OH production in several biological relevant mode systems by quantitatively trapped ·CH3 generated from the ·OH/DMSO reaction, and to produce the stable O-methylhydroxylamine, which was separated by reversed-phase high-performance liquid chromatography and quantified fluorometrically. [32] [33] [34] [35] peroxynitrite were investigated using NTEMPO as a fluorescence probe, based on the principle of Scheme 1. In the experiment, the peroxynitrite anion (ONOO -) was mixed with DMSO and NTEMPO (I, low fluorescence insitensity) at physiological pH (pH 7.4) and 37˚C. ONOOH, protonated ONOO -, underwent homolysis to yield ·OH, which then reacted with DMSO to produce the methyl radical, and a stable Omethylhydroxylamine adduct (II, high fluorescence intensity) was formed after ·CH3 was trapped by NTEMPO. The fluorescence increment was proportional to the amount of ·CH3 generated from the reaction of DMSO with ·OH, which, in turn, was proportional to the concentration of ·OH. The hydroxyl radical-mediated reactivity of peroxynitrite to several amino acids, such as tyrosine, phenylalanine and histidine, were then evaluated by the spin-label fluorophore NTEMPO at pH 7.4 and 37˚C.
Experimental

Chemicals
L-Tyrosine, L-phenylalanine and L-histidine were obtained from AMRESCO.
Diethylene triamine pentaacetic acid (DTPA, added to the solution to avoid metal interference) and 4-hydroxy-2,2,6,6-tetramethylpiperidine 1-oxyl, free radical (TEMPO·) were purchased from Japan Reagent Chemicals Association. All of the reagents, except for the methanol, which was HPLC grade, were of analytical-reagent grade. Doubly distilled water was used throughout.
Peroxynitrite was synthesized according to a method described previously. 36 Briefly, 0.01 M hydroxylamine hydrochloride, 0.5 M sodium hydroxide and 0.001 M EDTA were mixed and stirred vigorously under aerobic condition for about 4 -5 h, and then treated with manganese dioxide (MnO2) powder to eliminate any excess hydrogen peroxide (H2O2). After being filtered and freeze-fractionated, a peroxynitrite solution was obtained as a yellow top layer, which then was stored at -18˚C. The concentration of peroxynitrite was determined by UV spectrometry at 302 nm (ε = 1670 M -1 cm -1 ). 37 The fluorescence probe, NTEMPO, was synthesized as reported by Blough. 28 The product was identified by its spectrophotometrical absorption spectrum, infrared spectrum (IR) and mass spectrum (MS).
Apparatus
A Shimadzu RF-5301pc spectrofluorometer was used for recording the fluorescence spectra and making fluorescence measurements. The excitation wavelength was set at 300 nm and the emission wavelength at 390 nm. The excitation and emission band-passes were both set to 5 nm. The determination of the peroxynitrite concentration was obtained on a Beckman DU-7400 UV-Vis spectrophotometer.
The products were separated by a Shimadzu 10AVP HPLC with a SPD-10AVP UV-Vis spectrophotometer detector (set to 300 nm for all experiments), or a Shimadzu RF-5301pc fluorescence spectrophotometer (the excitation wavelength was set to 300 nm and the emission wavelength to 390 nm). A shim-pack VP-ODS analytical column (150 × 4.6 mm) equipped with a shim-pack GVP-ODS guard column (10 × 4.6 mm) and a 20 µL sample loop were used in all experiments. The mobile-phase, an isocratic elution, was composed of 35% sodium acetate buffer (0.05 M, pH 4.0)/65% methanol (v/v), using a flow rate of 1 mL min -1 .
For the LC/MS measurement, an Agilent 1100 HPLC system coupled to an Esquire 3000 plus ion-trap mass spectrometer (Bruker Daltonics, Bremen, Germany, equipped with an ESI ionization source) was used. Detection was performed in the positive-ion mode with nitrogen as a nebulizer (50.0 psi) and drying gas (10 L min -1 ) at a drying temperature of 365˚C.
Procedure
The reaction mixture contained 2 × 10 -5 M NTEMPO, 1.0 × 10 -4 M DTPA, 0.2 M DMSO in 0.3 M sodium phosphate buffer, pH 7.4 (all the reagents were rigorously purged with nitrogen 10 min before being used). The reaction was initiated by the addition of ONOO -; after 2 min, the reaction mixture was measured by a fluorescence spectrophotometer. All experiments were performed at 37˚C, and the pH was measured twice before and after the reaction.
To better understand the effect of some substrates on probing the formation of the hydroxyl radical by using a spin-labeling fluorophore, the HPLC with a fluorescence spectrophotometer was used in all effect-examined experiments.
To examine the possible interference from the remaining reactants and byproducts from the synthesis and the decomposition of peroxynitrite, such as NO2 -, NO3 -and H2O2, a control test solution was prepared, which was obtained by allowing peroxynitrite to decompose in a 0.3 M sodium phosphate buffer (pH 7.4) until the absorbance at 302 nm was almost the same as that of the buffer alone. For all of the control tests, this solution was used instead of peroxynitrite. 38 
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ANALYTICAL SCIENCES MAY 2005, VOL. 21 -(2.0 × 10 -4 M), the reaction time was 2 min, and directly detected by a fluorescence spectrophotometer); 2, the same as 1, except in the presence of sodium formate (0.3 M); 3, the same as 1, except in the absence of DMSO; 4, the same as 1, except the control test solution was used instead of peroxynitrite; 5, the same as 1 except in the absence of ONOO -(the spectra are same with those of system 4).
Scheme 1
Results and Discussion
Fluorescence Spectra
The paramagnetic NTEMPO has a low-fluorescence quantum yield due to efficient intra-molecular quenching of the excited single state of the fluorophore by covalently bonded nitroxide; the formation of the diamagnetic adduct NTEMPO-CH3 resulted in a large enhancement in the fluorescence intensity because of eliminating the intra-molecular quenching (Fig. 1) . When sodium formate, a typical ·OH scavenger, was introduced into the reaction mixture, the intensity of the fluorescence was decreased. This observation can be attributed to the competing of sodium formate with DMSO for ·OH, which decreased the formation of NTEMPO-CH3. This then attenuated the increase of the intensity of fluorescence, yielded on NTEMPO trapping ·CH3, which implied that there was indeed ·OH formed during the decomposition process of peroxynitrite. In a control test, on the other hand, there was no apparent change in the fluorescence intensity observed, which proved that the other products from the synthesis and decomposition of peroxynitrite, such as NO2 -, NO3 -and H2O2, did not affect the intensity of the fluorescence by reacting, if any, with DMSO or NTEMPO. There was a slight increase in the fluorescence intensity observed due to the reaction of NTEMPO with peroxynitrite in the absence of DMSO. It was proposed 39 that peroxynitrite did not react directly with the nitroxides at neutral pH, but ·NO2 generated from the decomposition of peroxynitrite reacted with the nitroxides (e.g. TEMPO·) to form an oxoammonium cation via reaction (1) . In this case, k1 = (8. 40 so K1 = k1/k-1 = (2.9 ± 0.2) × 10 3 , and peroxynitrite would react with the oxoammonium cation via reaction (2) with a second rate constant of 10 6 M -1 s -1 . 39 The calculated magnitude of k3 was 44.5 M -1 s -1 .
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It was also proposed 41 that TEMPO· could react with ·NO2 to form a TEMPO-NO2, which could then react with water to generate TEMPO-H. These reactions can probably be attributed to a slight increase in the fluorescence intensity in the absence of DMSO. However, compared with a remarkable increase in the fluorescence intensity, due to the formation of NTEMPO-CH3 (Fig. 2) , a slight increase in the fluorescence intensity would be reasonably overlooked.
TEMPO· + ONOO -(ONOOH) → products
The kinetic characteristics of the reaction system were also investigated, which showed that the fluorescence intensity increased to the maximum value in 1 min and no apparent fluorescence intensity increase occurred for the reaction time lasting longer (data not shown). A 2-min reaction time was selected for all of the studies in a following study.
HPLC chromatogram with a fluorescence spectrophotometer
The LC/MS technique was used to identify the structure of the products, and the mass spectrum of NTEMPO-CH3 was found (Fig. 3a) . When the products mixture was separated by HPLC, and then detected by a fluorescence spectrophotometer, a strong peak was observed (Fig. 3b) . No NTEMPO-CH3 was formed in the absence of ONOO -or DMSO, and it was also clear that the fluorescence background of the HPLC chromatogram with fluorescence spectrophotometer was very low, which just came from the noise of the apparatus.
Competition of sodium formate with DMSO for ·OH
For further identifying the formation of ·CH3, due to the reaction of ·OH with DMSO, the competition for ·OH between sodium formate (HCOONa), a typical ·OH scavenger, with DMSO was examined. The presence of both DMSO and HCOONa would compete to react with ·OH, and the number of ·OH reacting with DMSO would decrease compared with the case in absence of HCOONa, and thus the fluorescence intensity 555 ANALYTICAL SCIENCES MAY 2005, VOL. 21 (b) HPLC chromatogram with a fluorescence spectrophotometer. The reaction conditions were the same as in Fig. 1: 1 , expect that the products mixture was separated by HPLC, and then detected by fluorescence spectrophotometer; 2, the same as 1, except in the absence of ONOO -; 3, the same as 1, except in the absence of DMSO; 4, the same as 1, except the control test solution was used instead of peroxynitrite.
would decrease correspondingly. The competing reaction is illustrated in Scheme 2.
Under these conditions, the following equation is deduced: 25
where ∆F0 is the fluorescence increase in the absence of sodium formate and ∆F is the fluorescence increase in the presence of different concentrations of sodium formate; k6 and k8 are the rate constants for DMSO and HCOONa reacting with ·OH, respectively. In the experiment, a constant concentration (0.1 M) of DMSO was used. The fluorescence intensity of the reaction system was decreased with increasing the concentration of HCOONa (Fig.  4) , and a straight line was given to F0/F versus [HCOONa] with a slope 4.72 ( Fig. 4 insert) ; thus, the ratio of the rate constants, k8/k6, was obtained to be 4.72. The rate constant for the reaction of ·OH with DMSO was known to be 7.0 × 10 9 M -1 s -1 , 42 and thus a rate constant of 3.3 × 10 9 M -1 s -1 for the reaction of ·OH with HCOONa was obtained, which agrees well with a reference value, 3.7 × 10 9 M -1 s -1 . 43 This was strong evidence demonstrating that ·OH was indeed produced in the reaction system, and reacted with DMSO to give ·CH3. This led to the formation of a highly fluorescent substance, NTEMPO-CH3, which contributed to an enhancement of the fluorescence intensity.
Effect of the DMSO concentration on the formation of NTEMPO-CH3
It was proposed that ONOO -could react directly with DMSO
ONOOH → ·OH + ·NO2 (5)
HCOONa + ·OH  k8 → other products This is rather slow compared with the reaction between ·OH and DMSO, with a rate constant of 7.0 × 10 9 M -1 s -1 , to yield ·CH3. In this study, ·CH3 was trapped by NTEMPO and the fluorescence intensity of the adduct NTEMPO-CH3 was measured. In order to make sure that ·OH was effectively trapped by DMSO, and formed ·CH3 quantitatively, the concentration of DMSO should be as high as possible. The effect of the DMSO concentration on the fluorescence intensity of NTEMPO-CH3 was examined (Fig. 5) . In the absence of DMSO, no NTEMPO-CH3 was formed, and the fluorescence intensity was increased with increasing concentration of DMSO, and the increase in the intensity of fluorescence leveled off with increasing concentration of DMSO up to 0.1 M. A concentration of 0.2 M was selected for DMSO in the following studies.
Effect of CO2 on the formation of NTEMPO-CH3
Carbon dioxide could react with peroxynitrite, yielding nitrosoperoxocarboxylate (ONOOCO2 -), with a rate constant of 5.7 × 10 4 M -1 s -1 , which then decomposed to ·NO2 and CO3· -. 14 Since the reaction between peroxynitrite and carbon dioxide was faster than the homolysis of ONOOH (about 0.2 s -1 at pH 7.4), 44 the production of the hydroxyl radical from the decomposition of peroxynitrite would decrease in the presence of CO2, and there would be a corresponding decrease in the fluorescence intensity. In this study, the effect of CO2 on the formation of NTEMPO-CH3 was examined. To do this, various concentrations of sodium bicarbonate (NaHCO3) were added into the reaction systems, which were nitrogen-purged for 10 min, respectively. The concentrations of CO2 were calculated from the bicarbonate-carbon dioxide equilibration using pKa = 6.4. This showed (Fig. 6 ) that the fluorescence intensity decreased with increasing the concentration of NaHCO3, implying that the generation of the hydroxyl radical in the process of decomposing of peroxynitrite was attenuated in the presence of CO2.
Quantitative dependency of NTEMPO-CH3 formation on the ·OH concentration
For using NTEMPO as a hydroxyl radical probe, there should be a quantitative dependency of the fluorescence intensity of NTEMPO-CH3 on the ·OH concentration, and thus the concentration of ONOO -. To understand the quantitative dependency of NTEMPO-CH3 formation on the ONOOconcentration, the linearity, precision and detection limit of this probe for ONOO -were examined, with and without separation by HPLC, respectively. The results are listed in detection limit was determined to be twice the standard error of the intercept, which was acquired from a linear-regression analysis of the calibration curves. These data showed that the spin-labeling fluorophore NTEMPO may be used as a hydroxyl radical probe, and that the method is both simple and sensitive. By using conventional spectrofluorometer, which does not hyphenate HPLC, is simple, fast and highly sensitivity, but can possibly be interfered by some side reactions that may attribute to a change in the fluorescence intensity.
Also, its higher fluorescence background may limit its use in probing the hydroxyl radical based on the condition of a low peroxynitrite concentration, because the change of the fluorescence intensity under this condition is small compared with the fluorescence background. When coupled with the HPLC technique, these disadvantages of a conventional spectrofluorometer can be eliminated, and the very low fluorescence backgrounds (Fig. 3b) have indicated that even higher sensitivities should be easily achieved using larger injection volumes. The experiment results showed that when a 200 µL sample loop was used instead of the 20 µL sample loop for HPLC injection, the sensitivity (slope of the calibration curves) was increased from 6.53 × 10 6 M -1 to 23.74 × 10 6 M -1 ; further, because the retention time of NTEMPO-CH3 was only 3.49 min in these experiments, it is also fast in applications. Conventional methods, such as ESR, can also detect the methyl radical generated from peroxynitrite, or other biological systems, using spin-trap agents, such as 2-methyl-2-nitrosopropane (MNP), 45 5,5-dimethyl-1-pyrroline-N-oxide (DMPO), 46 α-(4-pyridyl-1-oxide)-N-tert-butylnitrone (POBN) and α-phenyl-N-tert-butylnitrone (PBN). 47 However, the spintrapping rate constants with these spin-trapping agents (1.4 × 10 7 M -1 s -1 for DMPO with the methyl radical and 1.7 × 10 7 M -1 s -1 for MNP with methyl radical) 46 were much slower than the trapped of the methyl radical by NTEMPO (with a spin-trapping rate constants of ∼10 9 M -1 s -1 ). Thus, for an equivalent trapping efficiency, the concentration of these spin-trapping agents used were very higher (0.08 M MNP 45 and 0.02 M POBN or PBN) 47 than NTEMPO used here (2 × 10 -5 M); moreover, because the ESR signal is near zero when the concentration of peroxynitrite is 1 × 10 -5 M, 45 the method used here is faster and more sensitive than the ESR technique in detecting the methyl radical generated when the hydroxyl radical was derived from peroxynitrite.
Probing the hydroxyl radical-mediated reactivity of peroxynitrite to several amino acids
Because the spin-labeling fluorophore NTEMPO can probe the formation of ·OH from peroxynitrite, it may be used to probe hydroxyl radical-mediated reactions between biomolecules and peroxynitrite. As an example, the hydroxyl radical-mediated reactivity of peroxynitrite to several amino acids, such as tyrosine, phenylalanine and histidine, were evaluated by the spin-labeling fluorophore NTEMPO at physiological pH and 37˚C. Tyrosine does not react directly with peroxynitrite, 48 but it can react with a second species (·NO2, ·OH and CO3· -formed from peroxynitrite to generate the tyrosyl radical (Tyr·) (Scheme 3), which recombines itself to form dityrosine, or reacts with the nitrogen dioxide radical to produce nitrotyrosine.
Here, the rate constants are k10 = 3. , 51 respectively. The reaction of tyrosine with ·NO2 is much slower than that with ·OH, as the rate constant indicates; for simplifying, the reaction system was purged with nitrogen in trying to eliminate CO2 in this study. Thus, a competing reaction for ·OH would occur between tyrosine and DMSO when both exit from the reaction system. This process is the same as the above debate concerning a competing reaction for ·OH between HCOONa and DMSO. The following equation would be obtained:
where ∆F0 is the fluorescence increase in the absence of tyrosine, and ∆F is the fluorescence increase in the presence of different concentrations of tyrosine; k6 and k11 are the rate constants for DMSO and tyrosine reacting with ·OH, respectively. In this experiment, the concentration of DMSO was set at 0.05 M. The results are shown in Fig. 7 . The fluorescence intensity of NTEMPO-CH3 decreased with increasing the concentration of tyrosine, and a straight line was obtained according to ∆F0/∆F versus the concentration of tyrosine, with a slope 44.8 (Fig. 7 insert) . The rate constant for the reaction between ·OH and DMSO was known to be 7.0 × 10 9 M -1 s -1 ; 42 thus, a rate
TyrH + ·OH → 0.95TyrOH· + 0.05Tyr· (11) TyrH + CO3· -→ Tyr· + HCO3 - Fig. 3b·1 , except in the presence of various concentrations of NaHCO3. Table 1 Linearity, precision and detection limit of NTEMPO for peroxynitrite 1, The reaction conditions were the same as in Fig. 2·1 ; 2, the reaction conditions were the same as in Fig. 3b·1; 3 , the reaction conditions were the same as 2 except a 200 µL sample loop was used for HPLC injection. . 50 The spin-labeling fluorophore NTEMPO might also scavenge the carbon-centered tyrosyl radical derived from tyrosine to form a diamagnetic adduct, which can lead to an increment in the fluorescence intensity. However, after being separated by HPLC, the effect of the tyrosyl radical could be avoided.
Much the same as tyrosine, phenylalanine and histidine do not react directly with peroxynitrite, 48 but can be modified by the second radicals formed from peroxynitrite. 22, 52 The same actuation as expressed in the above debate occurred concerning on the competing reactions for ·OH, CO3·
-and ·NO2 between tyrosine and DMSO. The observed constants for the reactions of ·OH with phenylalanine and histidine, respectively, were 6.9 × 10 9 M -1 s -1 and 1.7 × 10 10 M -1 s -1 , which agree well with the reference data, 6. 
Conclusion
The decomposition of peroxynitrite at physiological pH yields the hydroxyl radical, and ·OH is a more reactive species, responsible for oxidative damage to various biological molecules. The proposed method for probing ·OH produced from peroxynitrite and the ·OH mediated reactivity of peroxynitrite is simple, fast (even under the condition of using HPLC for separation, the retention time is only 3.49 min for NTEMPO-CH3) and high sensitivity. Further, the low fluorescence backgrounds (Fig. 3b) of the HPLC chromatogram with a fluorescence spectrophotometer is another advantage of this method, which enables the spin-labeling fluorophore NTEMPO to probe a low concentration of hydroxyl radical, since a small change in the fluorescence intensity could be distinct, and even higher sensitivities should be expected to be easily achieved using larger injection volumes. Moreover, unlike the aromatic hydroxylation method, only a single and quantitative product (NTEMPO-CH3) is produced in the detection system, thus making the quantitative analysis simple. Compared with the spin adduct, NTEMPO-CH3 is stable and does not undergo a significant loss via second reactions; thus its accumulation provides a summative estimate of ·OH production. In addition, DMSO is highly water-soluble, relatively innocuous to cells and tissues (which can be tolerated by living systems in up to 1 M concentration), 54 and has a rapid rate of interaction with ·OH. A quantitative reaction of ·OH with DMSO can be obtained at an acceptable DMSO concentration lower than 1 M. It has been proved to be an ideal trap for ·OH. The aim to eliminate the effects from some cellular reductants (e.g., ascorbic acid, GSH) that would metabolize the nitroxide moiety of the hybrid molecule (I) to its corresponding hydroxylamine, or other carbon-centered radicals, which would also couple with the hybrid molecule (I) to give rise to a fluorescence increment of the detection system, HPLC, was used. The results showed that these undesirable effects could indeed be avoided. ANALYTICAL SCIENCES MAY 2005, VOL. 21 Fig. 7 Effect of the tyrosine concentration on the fluorescence intensity of NTEMPO-CH3 in the presence of a constant DMSO concentration (0.05 M). The reaction conditions were the same as in Fig. 3b·1 , except the concentration of DMSO was 0.05 M and in the presence of various concentrations of tyrosine.
